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Do predators always win? 
Starfish versus limpets: a hands-on activity 
examining predator–prey interactions
Cláudia Faria, Diana Boaventura, Cecília Galvão and Isabel Chagas
ABSTRACT  In this article we propose a hands-on experimental activity about predator–prey 
interactions that can be performed both in a research laboratory and in the classroom. The activity, 
which engages students in a real scientific experiment, can be explored not only to improve 
students’ understanding about the diversity of anti-predator behaviours but also to promote their 
understanding about the various stages of experimental scientific procedures, such as the definition 
of a research problem, the statement of testable hypotheses, designing the experiments and 
drawing conclusions based on the evidence.
The activity we propose, a hands-on experiment 
about predator–prey interactions, can be 
performed either in a research laboratory, for 
instance as part of a collaboration programme 
between schools and a research laboratory, or in 
the classroom.
These experiments were initially created for 
an outdoor activity performed in a marine biology 
research laboratory (Guia Marine Laboratory 
of the Oceanographic Centre of the Faculty 
of Sciences of Lisbon University) as part of a 
research project called The Role of Predation in 
Organising Rocky Intertidal Communities. The 
project involved both scientific research work 
and science education activities with children. 
The scientific component of the project aimed to 
describe and evaluate predation as a structuring 
force on intertidal communities, and the education 
component involved several schools in order 
to analyse the promotion of scientific literacy 
through practical science experiments and to 
identify children’s conceptions about scientists 
and how they do science.
Intertidal rocky shores are particularly easy 
to study. Many species are sessile and even the 
mobile animals are generally slow-moving. 
Organisms are easy to identify and relatively 
short-lived. Most importantly, because they are 
easy to manipulate, they are particularly suitable 
for an experimental approach. These facts enable 
a better understanding of the functioning of 
rocky shore communities (Connell, 1972; Little 
and Kitching, 1996; Paine, 1966, 1994; Raffaelli 
and Hawkins, 1996). The richness, the diversity 
of environmental factors and the ease of access 
have meant that intertidal areas have attracted a 
considerable amount of scientific attention. This 
has proved to be important in producing unifying 
concepts and models regarding the organisation 
of marine communities and community ecology 
in general. In addition, it constitutes an excellent 
resource to develop in situ and laboratory 
scientific didactic activities involving schools.
The proposed hands-on activity includes a 
brief introductory discussion about predation 
(during which the students’ previous ideas 
about this subject can be explored) and the 
development of two experiments about predator–
prey interactions. The activity is performed 
in small groups and the experiments do not 
require any expensive technical equipment. The 
discussion of the results of both experiments and 
the corresponding theoretical framework can be 
developed to the extent appropriate to the students’ 
age group. As an extension activity, we suggest 
a discussion on conceptions about scientists and 
scientific work and also on ethical aspects related 
to the use of animals in experiments.
During the activity students have the 
opportunity to make observations, to draw 
conclusions, to generate new hypotheses and 
to design an experiment to test those new 
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hypotheses. They can also discuss characteristics 
of scientific experiments such as the role of 
control procedures. By the end of the activity, 
students reach an understanding not only about 
the diversity of anti-predator behaviours but also 
about scientific procedures, such as formulating a 
research problem, stating hypotheses, designing 
experiments, collecting and recording data, and 
drawing conclusions based on the evidence.
Background on predation
According to Begon, Harper and Townsend (1996), 
predation is the consumption of one organism 
(prey) by another organism (predator) where the 
prey is alive when the predator first attacks it.
The most evident effects of predation are 
changes in prey density and distribution limits, 
while indirectly it can affect diversity within the 
community (Chilton and Bull, 1984; Paine, 1974; 
Sih et al., 1985; Yamada and Boulding, 1996). 
Predation is thus a key biological factor in the 
structure of terrestrial and aquatic communities, 
and influences the functioning of ecosystems 
(Begon et al., 1996; Duffy and Hay, 2001).
The influence of predation is well documented 
for rocky shores around the world and is 
considered to be a key factor determining the 
structure of intertidal assemblages (Connolly 
and Roughgarden, 1999; Robles and Desharnais, 
2002; see reviews in Sih et al., 1985). However, 
prey can avoid consumer pressure in various 
ways, such as escaping predators in space or time 
or by differences in size, using morphological and 
structural deterrents, or using chemical deterrents 
(Duffy and Hay, 2001).
Organisms under study
Starfish are important predators of bivalves and 
other shellfish owing to their five or more arms 
that are covered underneath with tube feet. The 
most common starfish species on rocky shores 
of the northeast Atlantic are Asterias rubens and 
Marthasterias glacialis (Figure 1) (Hawkins and 
Jones, 1992).
Limpets are widespread around the world and 
they play an important role in rocky shores as 
grazers by feeding on microalgae and macroalgae 
with their radulae, and thus controlling algae 
abundance and distribution on the shore 
(Boaventura et al., 2002a; Little and Kitching, 
1996). Limpet shells are conical and strong, 
and the foot can adhere powerfully to the rock 
surface by suction. These characteristics enable 
them to resist waves and attack by predators 
(Little and Kitching, 1996). The most common 
limpet species in the northeast Atlantic are 
Patella depressa, Patella vulgata (Figure 2), 
P. aspera and P. ulyssiponensis (Boaventura 
et al., 2002b).
Some species of bird, crab, starfish, whelk 
and fish are common limpet predators. It might 
be thought that limpets’ only possible defence 
is to clamp down on the rock. However, limpets 
have exhibited anti-predator behaviour towards 
starfish. Limpets can respond to starfish 
attacks by ‘mushrooming’ (Figure 3a) and 
‘stomping’(Figure 3b); that is, elevating the shell 
and then suddenly smashing the shell down on the 
predator (Little and Kitching, 1996).
In the experiments presented in this article 
a starfish is used as a potential predator and 
Figure 1  The Marthasterias glacialis starfish used in 
the experiments
Figure 2  The Patella vulgata limpet used in the 
experiments
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limpets are used as prey. For example, we used 
the starfish M. glacialis (Linnaeus, 1758) and the 
prosobranch limpet P. vulgata L. However, other 
combinations of species found in other parts of 
the world can be used to obtain the same limpet 
reaction, for example P. vulgata and A. rubens 
(Linnaeus, 1758) (Hawkins and Jones, 1992).
Experimental procedure
Both species can be collected in the rocky 
intertidal zone at low tide. Starfish are normally 
present in the lower part of the intertidal platform, 
in large tidal pools or crevices. Limpets are 
present along the intertidal platform attached 
to rocky surfaces. They can be collected by 
detaching the shells with a slight rotation 
movement of the shell while they are active (that 
is, when submerged or at nocturnal low tides or 
moist diurnal low tides).
The organisms can be collected on the day 
the activity is to be performed, or up to two days 
before, in glass tanks about 50 × 30 × 30 cm (length 
× width × depth). These tanks, which can also 
be used in the experiments, should be filled with 
seawater and aerated using a small water pump (for 
example, a Hailea HX-800 pump) and should have 
activated charcoal filtration. Semi-natural tiles, 
similar to the natural shore surface, can be used as 
the limpet substrate. The organisms are returned to 
the shore after the conclusion of the experiments.
The tanks should be kept at between 16 and 20 °C 
and illuminated with fluorescent light (60 W) or with 
natural light. Naturally colonised boulders collected 
on the shore could be used as limpet feeding 
sources. The starfish can be fed with mussels.
In both experiments, students approach 
a research problem and are invited to state 
hypotheses, design the experiments, observe 
and collect data, and finally draw conclusions. 
The teacher can give more or less guidance to 
the students according to their experience and 
familiarity with the situation.
Experiment 1: Limpet defence strategy
One tank is for the experimental observation 
(Figure 4a in the student worksheet in Box 1) and 
the other tank (Figure 4b), which can be set up 
first, is regarded as the ‘control’ tank in which the 
starfish and limpet are placed a long way apart. 
In the experimental tank, place the starfish next 
to the limpet so that students see the interactions 
between the two species.
Adult limpets raise their shell, stick out their 
pallial tentacles, and ‘mushroom’ and ‘stomp’ on 
the arms and tube feet of the starfish, often driving 
them away (Hawkins and Jones, 1992).
In the control tank, students will not observe 
any reactions that suggest any defence strategy 
from the limpet.
After the discussion of the first experiment 
results, students are asked to formulate 
hypotheses explaining how limpets are able 
to notice the starfish and then to design an 
experiment to test their hypothesis. The second 
experiment is to test the hypothesis that the 
observed interaction (that is, the limpet defence 
strategy in Experiment 1) is due to chemicals in 
the water (chemoreception) or to physical contact 
plus chemical cues (contact chemoreception).
Experiment 2: What causes the limpet reaction?
For the second experiment, two glass tanks are 
also needed. In the control tank, a limpet is placed 
in seawater; in the experimental tank, a limpet is 
Figure 3  Limpets can respond to starfish attacks by (a) ‘mushrooming’ and (b) ‘stomping’
(a) (b)
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placed in a tank filled with seawater in which a 
starfish had previously been (Figure 5).
In the control tank, students will not observe 
any limpet reaction. However, in the experimental 
tank, the limpet defence strategy as seen in 
Experiment 1 can be observed, although less 
obviously.
Student worksheet
At the end of the experiments, students 
summarise the activity on worksheets (Box 1) and 
are asked about the purpose of the experiment 
and to state hypotheses. They describe what 
they observed while the interaction between the 
starfish and limpet took place (in Experiment 1) 
and when the limpet was placed in the seawater 
where the starfish had been (in Experiment 2). 
The students are also asked to explain the 
experiments and why they used a control 
tank. Finally, they are asked to make a general 
conclusion about both experiments.
Assessment
With this proposed activity it is expected 
that students will be able to differentiate the 
various scientific stages, namely the hypothesis, 
descriptions based on observations, and 
interpretation of the evidence obtained. In 
addition, they need to give well-defined objectives 
and conclusions for each experiment. Table 1 
gives some possible answers to the worksheet. An 
important aspect of this activity is to elicit and then 
BOX 1 Student worksheet
School: …………………………………………………
Name:   …………………………………………………   Date: …………………………………………………
Today we are investigating predator–prey interactions, in particular prey defence strategies. Recall 
the experimental design that you have assembled in the classroom (Figures 4 and 5) and answer the 
following questions.
Experiment 1: Limpet defence strategy
1. What did you want to test with this 
experiment?
2. What did you expect would happen?
3. What did you observe?
4. How would you explain what happened in the 
experiment?
5. Why did you use a control tank in which the 
limpet and starfish were kept apart?
Experiment 2: What causes the limpet reaction?
1. What did you want to test with this 
experiment?
2. What did you observe when the limpet was 
placed in the starfish water?
3. How would you explain what happened in the 
experiment?
4. Why did you use a control tank in which the 
limpet was placed in seawater?
Conclusions
1. What conclusions can you reach based on both experiments?
Figure 4 Experiment 1: (a) experimental tank with 
a starfish next to the limpet; (b) control tank with 
the starfish and limpet apart
Figure 5 Experiment 2: (a) experimental tank with 
the limpet in seawater in which the starfish had 
previously been; (b) control tank with the limpet in 
seawater not previously inhabited by the starfish
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Table 1 Examples of possible worksheet answers
Category Possible answers Comment
Purpose We wanted to see the starfish eating the limpet.
We wanted to see the limpet reaction.
Adequate
We wanted to see and observe things.
We wanted to see predators and prey.
Inadequate
Hypotheses The starfish will eat the limpet.
The limpet runs away.
The limpet will protect itself inside the shell (Experiment 1).
The limpet can feel the starfish by tactile or chemical senses 
(Experiment 2).
Testable hypotheses
Observations The limpet moved up and down and tried to clamp down the starfish. Complete
The limpet moved up and down.
The limpet twisted.
The limpet stepped on the starfish arm.
Incomplete
The starfish tried to attack the limpet and the limpet defended itself.
The starfish wanted to eat the limpet but could not do it.
Interpretations instead 
of observations 
Explanations The starfish ran away because the limpet stomped on its arm. Adequate explanation
The limpet clamped down the starfish arm. Observations instead 
of explanation
The limpet was scared and tried to defend itself. Speculation
Control The control was used to compare the natural limpet behaviour with 
the behaviour in the experimental treatment.
Adequate answer
The aquarium with the starfish and limpet apart was used so that 
there were no more wars.
Inadequate answer
General 
conclusion
The limpet perceives the starfish by mechanical and chemical cues 
and defends itself using a mushrooming and stomping strategy 
defence.
Adequate
discuss possible misconceptions about scientific 
enquiry, particularly with regard to the distinction 
between observations and interpretation (as shown 
by the ‘inadequate answers’ in Table 1).
Throughout this activity, students can also 
demonstrate a number of competencies related 
to scientific research activity (reasoning, 
problem solving, data interpretation, drawing 
out inferences, and evidence relationships), 
as well as attitudes (curiosity, perseverance, 
creativity, respect for evidence, critical 
reflection, scientific rigour and collaboration) 
and investigative skills (observation, collection 
of data and prediction of results).
Extension activity
To identify and discuss the students’ ideas and 
understanding about scientists and scientific work, 
they can be asked two open-ended questions at the 
end of the experiment, namely ‘Why do scientists 
perform experiments?’ and ‘What does a scientist 
think before he/she undertakes an experiment?’ 
Another important aspect that could be addressed 
with this activity relates to animal welfare. 
Students could be engaged in a discussion 
regarding the care of the organisms and also about 
the importance of returning them to the shore after 
the experiments are completed.
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